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(54) Submergible probe for viewing and analyzing properties of a molten metal bath 



(57) An apparatus and method for viewing and an- 
alyzing the interior of a molten metal bath during treat- 
ment in a metallurgical vessel comprises a concentric 
pipe tuyere extending Into an open mouth of the vessel 
and below the surface of the bath and comprising an 
inner pipe through which a pressurized transparent fluid 
is passed, and an outer pipe forming, with the inner pipe, 



an annulus through which a cooling fluid is passed. A 
sight glass is disposed in alignment with an opening in 
the inner pipe and with a centerline of the tuyere provid- 
ing visual access to the interior of the bath. An optical 
sensor is associated with the sight glass to receive and 
analyze light generated in the bath to determine molten 
metal properties such as temperature and chemical 
composition. 
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Description 

BACKGROUND OF THE INVENTION 
Related Application 

[0001] This application is a continuation-in-part of ap- 
plication Serial Number 08/733.626. filed October 17, 
1996. 

Field of the Invention 

[0002] This invention relates to a pressurized port for 
viewing the interior of a molten metal bath contained in 
a treatment vessel and, with use of an optical sensor, 
for measuring the temperature, composition, or other 
properties of the molten metal bath. 

Description of the Prior Art 

[0003] In the production and/or treatment of metals in 
a molten metal bath, it is necessary to determine the 
temperature, composition or other properties of the mol- 
ten metal bath. Such processes do not allow direct in- 
spection because the molten metal is contained in a re- 
fractory lined furnace and, in such production process- 
es, a layer of slag floats on top of the metal during 
processing, in order to determine the temperature and 
chemical composition of the metal, devices are inserted 
through the slag into the metal. The high temperatures 
involved do not pemnit the use of materials other than 
refractories to come in contact with the molten metal for 
any extended period of time. 

[0004] In the past, the method for determining tem- 
perature of such molten metal baths has required insert- 
ing an expendable thermocouple into the bath, in which 
case the themiocouple is used for only one test, then 
discarded or destroyed. The method of analyzing the 
chemical composition of the bath is to withdraw a sam- 
ple of the metal and send it to a laboratory for analysis. 
Insertion of such devices, and the withdrawing of sam- 
ples, requires that the production process be stopped, 
thus delaying the process. Further time delays occur 
while the samples are transported and analyzed. Since 
direct inspection cannot be done, predictive calculations 
must be made to determine the amount of reactive ma- 
terials required to reach the desired temperature and 
composition. 

[0005] Various attempts have been made to avoid 
such indirect methods of analyzing molten metal baths. 
[0006] For example, U.S. Patent No. 4.106,756 dis- 
closes an oxygen lance and sensor system consisting 
of an optical sensor mounted on an oxygen lance sus- 
pended above the molten metal bath for monitoring the 
furnace and bath. The view thus provided is of the upper 
surface of the bath consisting of a highly agitated and 
heated mixture of metal and slag due to oxygen blowing 
onto the surface of the bath. 



[0007] U.S. Patent No. 4.377,347 relates to use of a 
probe, comprising a thermocouple covered with ceramic 
fiber, inserted through a vessel wall and immersed In the 
molten metal bath, and generating a signal proportional 

5 to bath temperature which is sent to an external pyrom- 
eter; It typically is used in a continuous caster tundish. 
There is no direct viewing of the bath. 
[0008] U.S, Patent No. 4,41 6,443 discloses a themio- 
couple attached to a concentric pipe tuyere extending 

,10 through the bottom of a furnace wherein the thermocou- 
ple is used to warn of high tuyere temperatures indicat- 
ing tuyere blockage. 

[0009] U.S. Patent No. 4,651 ,976 shows a furnace 
having a side opening, above the surface of the metal 

15 bath in the furnace, in which opening there is disposed 
an optical device, such as a photometer, to view the light 
level above the bath for determining the amount of slag 
being formed. There is no direct viewing of the bath. 
[001 0] U.S. Patent No. 4,842.253 relates to an optical 

20 device mounted in a port in the side of a blast furnace 
or the like and with its field of view arranged to include 
the combustion zone of an adjacent tuyere in order to 
monitor combustion conditions in the furnace. 
[0011] U.S. Patent No. 5,071,105 discloses a gas 

25 torch having an optical lens and fiber assembly fitted into 
the torch to provide visual observation of the high tem- 
perature process resulting from operation of the torch. 
[0012] U.S. Patent No. 5,397.108 discloses a peep- 
sight for a blast furnace tuyere system, in which a fiber 

30 optic cable is disposed opposite a viewing port of a 
sleeve extending into the furnace wall and carries a light 
signal to a photosensitive sensor. 
[0013] Industry Net publication of September 1996 
discloses an oxygen lance for a top-blown oxygen fur- 

35 nace, in which a pyrometer is mounted inside the lance 
to measure the temperature of the hot spot of metal and 
slag where the oxygen jet impinges, on the surface of 
the bath. 

[0014] A recent paper entitled "Direct Analysis in 
40 Steelmaking Converters Using Laser-l nduced Emission 
Spectrometry," G. Carlhoff and S. Kirchhoff, Krupp Fqr- 
schungsinstitut, Essen, Germany, discloses the use of 
a laser beam directed, through an opening in the side 
of the furnace, onto the bath surface, producing a hot 
45 plasma, and the generated light is carried by a fiber optic 
cable to a spectrometer. 

SUMMARY OF THE INVENTION 

50 [0015] This invention provides a concentric pipe 
tuyere extending, preferably, vertically through the bot- 
tom, or altematively, through an open mouth in the top, 
of a metallurgical treatment vessel, such as a steelmak- 
ing furnace, containing a molten metal bath, wherein the 

55 center pipe carries a transparent gas under pressure to 
maintain an opening into the metal bath. Such gas flow 
has a sufficiently high ferrostatic head to prevent liquid 
metal from entering the tuyere. Typical gases include 
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oxygen, nitrogen, carbon dioxide and argon. A reactive 
gas, such as oxygen, preferably is used during at least 
a part of the process to produce sufficient heat to melt 
frozen metal and slag fomiations about the mouth of the 
tuyere to keep the passage into the molten metal open. 
[0016] A coolant is passed through tlie annulus be- 
tween the inner and outer pipes, and may consist of a 
liquid or gas capable of carrying away the heat devel- 
oped during the process. Typical coolants are nitrogen, 
carbon dioxide, argon and methane or natural gas. 
[0017] A viewing port is provided and sealed with a 
sight glass capable of withstanding the pressures and 
temperatures involved, while, allowing light to pass 
through. 

[0018] Various sensors, such as a camera, pyrome- 
ter, spectrometer, or other optical devices, may be 
mounted to the sight glass in order to view and analyze 
the molten metal inside the furnace. 
[0019] In an alternative embodiment, the invention 
comprises a similar viewing and measuring device sus- 
pended above and lowerable into a molten metal bath 
and wherein an extension of the concentric tube tuyere 
is submersible in the molten metal and is encased within 
an insulating ceramic or other refractory material to pro- 
tect the tuyere from the heat of the molten metal bath 
when so submerged. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0020] 

Fig. 1 is a schematic side elevation of the apparatus 

of the invention; 

Fig. 2.iSia side elevationa! view of a means for 
mounting the sight glass and fiber optic assembly 
to the tuyere; 

Fig. 3 is an end view of the assembly of Rg. 2 taken 
along line Ill-Ill of Fig. 2; 

Fig. 4A is a side elevation, partly in cross-section, 
of the concentric tubes and optical lens assembly 
of an altemative embodiment of the Invention, 
Fig. 4B is an elevational view of a first end of the 
device of Fig. 4A,; 

Fig. 4C is an elevational view of a second end of 
the device of Fig. 4A; 

Fig. 5A is a side elevation of the alternative device 
of the invention, encased in refractory and showing 
sources of pressurizing and cooling fluids, and 
Fig. 5B is an elevational view of the second end of 
the device of Fig. 5A. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

[0021] In Fig. 1 , the numeral 1 generally denotes a 
metallurgical furnace, such as a steelmaking furnace, 
having a refractory-lined bottom 2, and containing a mol- 
ten metal bath 3. A concentric pipe tuyere, denoted gen- 
erally by the numeral 4, comprises an inner pipe 6 and 
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an outer pipe 7. A tip 8 of the tuyere 4 extends above 
the surface of the furnace bottom 2 and into the molten 
metal bath. A transparent gas, such as oxygen, nitro- 
gen, carbon dioxide or argon, is passed through the in- 

5 ner pipe 6, as at "A" in Fig. 1, and a coolant, such a 
nitrogen, carbon dioxide, argon or methane, is passed 
through a connection fitting 9 into the annulus between 
the Inner pipe 6 and the outer pipe 7, as in the direction 
"B" as shown in Fig. 1. 

10 [0022] A sight glass assembly 11 is connected, 
through an extension 5, to the inner pipe 6, allowing a 
direct view, through the assembly 11 , extension pipe 5 
and inner pipe 6, into the interior of the molten metal 
bath above the tip or mouth 8 of the tuyere 4. A photom- 

is eter, for measuring temperature of the bath, or other op- 
tical sensing device, such as a spectrometer for deter- 
mining metal bath composition or a camera, such device 
being denoted by the numeral 12. is connected to the 
sight glass assembly 11. 

20 [0023] Details of one embodiment of means to mount 
the sight glass and optical sensor are shown in Figs. 2 
and 3. A lens alignment plate 13 is mounted on exten- 
sion pipe 5 and is secured thereto and to a first mounting 
plate 1 4 by four hex cap screws 1 6 and nuts 1 7. A glass 

25 window or lens 1 8, with gaskets 1 9, is compressed be- 
tween plates 1 3 and 1 4 by tightening screws 1 6 and nuts 
17. To reduce unwanted movement of the assembly, as 
by vibration, four compression springs 21 are disposed 
and compressed between the first mounting plate 14 

30 and a second mounting plate 22 by means of four cap 
screws 23 and jam nuts 24. Each of the plates 13, 14 
and - 22 are centrally apertured, as best shown in Fig. 
3, being an end view of the mounting assembly of Fig. 
2, providing an unobstructed view, through the assem- 

35 biy and into extension pipe 5 and inner pipe 6, for the 
end structure 26 of a fiber optic cable 27 mounted, by 
means of rings 28 to the central aperture 29 of the sec- 
ond mounting plate 22. 

[0024] In operation, a transparent gas such as a liquid 

40 or a gas such as oxygen, nitrogen, carbon dioxide or 
argon, is passed through the inner pipe 6 and a cooling 
medium, such as nitrogen, carbon dioxide, argon, or 
methane, is passed through the annulus between the 
inner pipe and the outer pipe 7. As noted, in order to 

45 keep the tip 8 of the tuyere 4 clear of frozen metal and 
slag, it normally Is required that the gas passed through 
inner pipe 8 comprise oxygen at least in part. Thereby 
there is provided a direct view into the interior of the mol- 
ten metal bath so that metal parameters such as tem- 

50 perature or composition can be obtained free of distor- 
tions caused by the presence of slag. 
[0025] The inner and outer pipes of the tuyere 4 may 
be spaced apart by fluting or other projections on the 
• outer surface of the inner pipe 6 or on the inner surface 

55 of the outer pipe 7. in known manner. 

[0026] Such use of the invention can have additional 
advantages. The Q-BOP furnace and process uses mul- 
tiple, relatively large diameter, double pipe tuyeres with 
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oxygen in the center pipe and a coolant, such as meth- 
ane (natural gas), in the annulus between the inner and 
outer pipes. Such tuyeres, although forming "mush- 
rooms" of frozen metal about the peripheries of the 
mouths of the tuyeres, seldom become clogged with fro- 
zen metal or slag. On the other hand, many top-blown 
basic oxygen furnaces today utilize bottom gas stirring 
with porous blocks or "micro-tuyeres" comprising small 
diameter metal, e.g. copper, pipes through which a stir- 
ring gas is emitted into the molten metal bath. Also to- 
day, there is commonly used a practice of slag washing 
the interior refractories of the furnace with molten slag 
remaining after a heat of steel Is finished. While this 
practice is effective to prolong the life of the refractory 
lining of the furnace, slag washing tends to freeze and 
cover over bottom stirring porous blocks or micro-tuy- 
eres, so that, after a relatively few heats with bottom stir- 
ring, such devices become blocked and stirring cannot 
be maintained. The relatively large diameter tuyere of 
this invention, when used with oxygen or other suitable 
gas flow in the center pipe, can also serve to bottom stir 
the molten metal bath and is not as susceptible to block- 
age by slag washing as are porous blocks and micro- 
tuyeres, and thus may replace the latter while also serv- 
ing the described viewing and analytical purposes. 
[0027] If desired, the apparatus of the invention, as 
above described, maybe mounted In the side of the met- 
allurgical vessel below the surface of the molten metal 
contained therein. In such case, however, the additional 
advantages of the invention, as above described, are 
not achieved or are of decreased effect. 
[0028] Moreover, in another embodiment of the inven- 
tion the viewing and measuring probe may be suspend- 
ed above the mouth of a furnace or other metallurgical 
vessel, and is adapted for lowering into a molten metal 
bath contained in the vessel. Thus, as shown in Figs, 
4A-4C and 5A and 5B, the concentric inner pipe 6 and 
outer pipe 7, comprising tuyere 4, may be mounted in a 
housing denoted generally by the numeral 31 , and have 
an extension, generally denoted by the numeral 32, cov- 
ered by an insulatlve refractory 33 and a stainless steel 
sheath 30, and adapted for immersion into a molten met- 
al bath. The sight glass lens assembly 11 is mounted in 
the housing 31 and is connected, as by a fiber optic ca- 
ble or light guide 33 extending through a direct sight 
viewing port connection 35 and thence to a remotely dis- 
posed measuring device 12 which, above described, 
may comprise a pyrometer for measuring bath temper- 
ature and a spectrometer for determining chemical com- 
position of the bath. As in the previously described em- 
bodiment, a transparent gas, such as oxygen, nitrogen 
or argon, is passed through the inner pipe 6, as through 
a supply pipe 34 extending through an elbow connection 
35, and thence through a connection 37a to a passage 
38a and a passage 39 in the housing 31 to the interior 
of pipe 6 and at sufficient pressure to maintain an open- 
ing into the metal bath. A reactive gas such as oxygen 
is used during at least a part of the process to produce 
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heat in order to melt frozen slag and metal fonmations 
and to keep the passage open. As before, a coolant fluid 
is passed through the outer pipe 7, as from a supply pipe 
36, through a connection 37b, to passages 38b and 40 
5 in the housing 31 and, through passage 40. in commu- 
nication with an annular space 41 between inner pipe 6 
and outer pipe 7. 

[0029] Such alternative embodiment of the invention 
may be suspended above a metal bath the properties 

10 of which are to be analyzed and the extension portion 
32 of the probe then lowered through overlying slag and 
into the bath for accurate measurement. It is particularly 
useful with a ladle furnace or a continuous caster 
tundish which pemnit ready access to the surface of a 

IS metal bath contained therein, but which do not easily 
permit the installation of subsurface ports through the 
refractory lining. 

[0030] The apparatus of this Invention thus is useful 
with both bottom blown and top blown oxygen furnaces, 

20 particularfy in the refining of steel to remove carbon by 
combustion with oxygen, as well as with other metallur- 
gical treatment vessels and processes, such as argon/ 
oxygen decarburization ("AOD"), ladle refining, etc. 
[0031] Use of this invention avoids the delays inherent 

25 in prior art practices in the treatment of molten metals 
using expendable thermocouples to measure bath tem- 
perature and withdrawing of samples of molten metal 
for chemical analysis, and thus contributes significantly 
to the economy of such processes. 

30 

Claims 

1 . An apparatus for viewing and analyzing the interior 

35 of a bath of molten metal during treatment thereof 
in a refractory-lined metallurgical treatment vessel 
having side walls, bottom and an open mouth at the 
top of the vessel, comprising a concentric double- 
pipe tuyere comprising an inner pipe for passage of 

40 a pressurized transparent fluid and an outer pipe 
surrounding the inner pipe and defining an elongat- 
ed cylindrical annulus between the pipes for pas- 
sage of a pressurized cooling fluid, an insulative re- 
fractory surrounding a lower portion of the tuyere, 

45 means for mounting the tuyere above the mouth of . 
the vessel and vertically movably to position said 
lower portion of the tuyere into a molten metal bath 
contained in the vessel, means for pressurizing and 
passing the transparent fluid through the inner pipe, 

50 means for pressurizing and passing the cooling fluid 
through the annulus. a connection element juxta- 
posed to an opening in the inner pipe and substan- 
tially aligned with a centeriine of a portion of the in- 
ner pipe extending into the vessel, a sight glass as- 

55 sembly disposed in alignment with the connection 
element and allowing direct visual access to the in- 
terior of the molten metal bath, and an optical sen- 
sor connected to the sight glass assembly whereby 
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light emanating from the interior of the molten metal 
bath can be analyzed to determine properties of the 
metal bath. 

2. Apparatus according to claim 1 , wherein the optical 
sensor is selected from the group consisting of a 
photometer, a spectrometer, a camera and combi- 
nations thereof. 

3. Apparatus according to claim 2, wherein the Inner 
pipe is connected to a source of transparent fluid 
selected from the group consisting of nitrogen, ox- 
ygen, carbon dioxide and argon, and the outer pipe 
is connected to a source of a cooling fluid selected 
from the group consisting of nitrogen, carbon diox- 
ide, argon and methane. 

4. Molten metal treatment apparatus comprising a 
treatment vessel having sidewalls, a bottom and an 
open mouth top, a concentric pipe tuyere suspend- 
ed above the mouth of the vessel and vertically 
movable so that a lower, insulated portion of the 
tuyere may extend below the surface of a molten 
metal bath contained in the vessel, a sight glass as- 
sembly connected to an inner pipe of the tuyere and 
providing visual access to the interior of the inner 
pipe and to the interior of the molten metal bath, and 
an optical sensor connected to the sight glass as- 
sembly for analyzing light generated by the molten 
metal and determining physical properties thereof. 

5. Apparatus according to claim 4, wherein the optical 
sensor is selected from the group consisting of a 
photometer, a spectrometer, a camera and combi- 
nations thereof. 

6- Apparatus according to claim 5, further comprising 
a connection element at a top end of the tuyere, and . 
a fiber optic light guide connected at one end to the 
sight glass assembly and, at another, remotely dis- 
posed, end, to the optical sensor. 

. 7. Apparatus according to claim 6, further comprising 
means to pressurize and pass a transparent fluid 
through the inner pipe of the tuyere and to pressu- 
rize and pass a cooling fluid through an annulus 
formed between the inner pipe and an outer pipe of 
the tuyere. 

8. Apparatus according to claim 7, wherein the inner 
pipe is connected to a source of transparent fluid 
selected from the group consisting of nitrogen, ox- 
ygen, carbon dioxide and argon, and the cooling flu- 
id is selected from the group consisting of nitrogen, 
carbon dioxide, argon and methane. 

9. Apparatus according to claim 8, further comprising 
a cooling fluid supply pipe, a transparent fluid sup- 



8 

ply pipe, a housing in which the sight glass lens as- 
sembly is mounted, enclosing an upper end of the 
tuyere, and having passages connected, respec- 
tively, to the cooling fluid supply pipe and to the 
5 transparent fluid supply pipe for introducing cooling 
fluid into an annulus between the inner and outer 
pipes of the tuyere and transparent fluid into the in- 
terior of the inner pipe of the tuyere. 

10 1 0. A method of directly visually observing and analyz- 
ing the interior of a molten metal bath during treat- 
ment in a metallurgical treatnnent vessel, compris- 
ing extending a concentric pipe tuyere into the ves- 
sel and positioning a lower, insulated portion of the 

15 tuyere at a location below the surface of the molten 
metal bath; providing an opening in an inner pipe of 
the tuyere, said opening being aligned with a cen- 
terline of the tuyere and providing direct visual ac- 
cess to the interior of the molten metal bath, con- 

20 necting to the opening in the inner pipe a sight glass 
and an optical sensor so that light generated by the 
molten metal in said bath can pass through the 
opening in the inner pipe to the sight glass and the 
optical sensor, and, with use of the optical sensor, 

25 analyzing the light to determine properties of the. 
molten metal in said bath. 

1 1 . A method according to claim 1 0, further comprising 
pressurizing a transparent fluid and passing the 

30 pressurized transparent fluid through the inner pipe 
of the tuyere, and pressurizing a cooling fluid and 
passing the pressurized cooling fluid through an an- 
nulus formed between the inner pipe and an outer 
pipe of the tuyere. 

35 

12. A method according to claim 11 , wherein the trans- 
parent fluid is selected from the group consisting of 

nitrogen, oxygen, carbon dioxide and argon, and 
the cooling fluid is selected from the group consist- 
40 Ing of nitrogen, carbon dioxide, argon and methane. 

13. A method according to claim 12, wherein the treat- 
ment of the molten metal is decarbonization of steel, 
and selecting oxygen as at least a component of the 

45 transparent fluid in order to generate heat by com- 
bustion with carbon thereby keeping the tip of the 
tuyere free of frozen metal and slag. 

14. A method according to claim 13, comprising select- 
so ing the optical sensor from the group consisting of 

a photometer, a spectrometer, a camera, and com- 
binations thereof. 

1 5. A method according to any one of claim 10-14, com- 
55 prising suspending the tuyere above an open mouth 

of the vessel and lowering the tuyere substantially 
vertically through the mouth of the vessel and below 
the surface of and directly into the molten metal. 
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